The crystal structure of sinigrin (potassium myronate), KC10H16N09S2. H20, has been refined on the basis of three-dimensional intensity data collected on an automated diffractometer. The final agreement index is 0·056 for 1906 reflections, and the estimated standard deviations in the atomic coordinates of the C, N, and 0 atoms are about 0·004 A. The absolute configuration of the anion was confirmed from anomalous dispersion effects. The crystals are orthorhombic with space group P212121. The unit-cell dimensions of a new crystal are a=8·265 (1), b=l1·440(3), and c=17·757 (3)A. An appreciable increase in the length of the c axis occurred during irradiation of the crystal. In addition, the vinyl group of the myronate ion appears to undergo large thermal motions. The distances between vinyl groups of adjacent myronate ions are such that a photopolymerization reaction between them would be possible, which might explain these two observations.
The X-ray crystallographic investigation of sinigrin, a salt of the formula K+ (C 10 from the seeds of black mustard, was undertaken in the hope of supporting the organic-chemical work of M. Ettlinger and co-workers (Ettlinger & Lundeen, 1956 , 1957 Ettlinger, Dateo, Harrison, Mabry & Thompson, 1961) on the structure of the anion, also called the myronate ion. Fig. 1 shows the chemical formula as well as a structural formula of this ion, the latter based on the results of the X-ray work. The crystal structure was originally worked out from data from isomorphous crystals of potassium, ammonium, and thallium myronate and the results, which confirmed Ettlinger's structure, were briefly reported some years ago (Waser & Watson, 1963; Waser, 1963) . We have recently collected a full set of intensity data on a Datex-automated General Electric diffractometer, on the basis of which we have carried out additional parameter refinement and have confirmed the absolute configuration of the myronate ion. We wish now to report these results.
The sample of sinigrin was obtained from Aldrich Chemical Co., Inc. and was recrystallized from aqueous solution containing a small amount of ethanol. The crystals are orthorhombic, space group P2 1 2121 Table 3 .
(hOO, OkO, and 001 absent for h, k, or l odd). Other crystal data are summarized in Table I . The cell dimensions were obtained from high-angle diffractometer data and are based on a wavelength of l ·5418 A for Cu Kr:t.
radiation; the uncertainties given are standard deviations.* The density was measured by flotation. 
The crystal used for measuring intensities was ground to a sphere (Bond, 1951) of diameter 0·209 mm. It was mounted about an arbitrary axis. Intensities were collected, using Ni-filtered Cu Krx radiation, during a {}-2{} scan at a speed of 2 ° (in W) per minute and over a scan range that varied linearly from 2° at W=20° to 4 ° at 2() = 120 °; background was collected for 30 seconds at each terminus. Variances in the intensities, a 2 (/), were obtained from counting statistics with an additional term, (0·02/) 2 , which has seemed appropriate for data collected in these Laboratories. The intensities and their standard deviations were corrected for absorption (µR = 0·58), Lorentz factor, and polarization effects.
The 008 reflection was checked periodically during the data collection. It showed a continuing drop-off in intensity, linear with exposure time, to a final intensity only slightly greater than 50% of the starting value. The first 400 reflections were then remeasured; they, too, showed intensities approximately 50% as great as originally. We were thus encouraged to assume that all reflections were affected equally by radiation damage (or whatever the effect was), and thus to correct all the measurements by an empirical function linear with exposure time. Justification for this procedure ultimately came from the satisfactory match with the measured intensities that we obtained with the final atomic parameters.
A more interesting -and disconcerting -effect of radiation on the crystal was a lengthening of the c axis by an amount that reached nearly 0·2 A. As a result of this lengthening, it was necessary to continually adjust the calculated values of 2() to assure capture of the entire diffraction maxima. Possible ramifications of * The crystals suffered radiation damage, which resulted in a slight yellowing of the crystals and significant changes in the unit-cell dimensions -essentially a lengthening of the c axis by nearly 0·2 A (discussed later). Thus, the cell dimensions we report here apply only to a fresh crystal.
this effect in terms of the final structure will be discussed later.
All 2045 reflections out to sin 2 8/ ,1,2 = 0·40 and within the octant h ~ 0, k and 1"2::. 0 were measured. Of these, 135 were indistinguishable from background and were given zero weight. Four additional reflections -3, 1, 10; 4, 1, 10;5, 1, 10;6, 1, 10-hadrecordedintensitieslessthan one-quarter of those calculated from the final parameter set, and were ultimately assigned zero weight also. We do not know why these measurements were low; since the four reflections were measured consecutively, we suspect a temporary failure of the instrumentation.
The starting point for the refinement was the set of parameters obtained from the earlier structure determination based on photographic data (Waser & Watson, 1963) , which included isotropic temperature factors and yielded an R index (R= L: llFol-IFcl l/L:IFol) of 0· 16. All calculations were carried out on an IBM 7094 computer under control of the CR YRM system (Duchamp, 1964) . Atomic form factors for K +, S, C, N, and 0 were taken from International Tables for X-ray Crystallography (1962); those for hydrogen were from Stewart, Davidson & Simpson (1965) . The quantity minimized in the least-squares refinement was L:w[F~-(1/k2)~]2; k is the scale factor but the parameter refined was (1/k). The weights w were taken equal to the reciprocals of the experimental variances a 2 (F~).
In nine least-squares cycles the following parameters were gradually added: anisotropic temperature parameters, first for the sulfur atoms and the potassium ion and then for the C, N, and 0 atoms as well; a parameter for secondary extinction (Zachariasen, 1963; Larson, 1967) ; coordinates of the hydrogen atoms (the starting values having been obtained from considerations of molecular geometry, hydrogen bonding and, in a few ambiguous cases, from a difference Fourier synthesis); and isotropic temperature parameters for the hydrogen atoms. The initial cycles involved two, and later cycles three, complete matrices, the terms relating to the coordinates of the heavier (K, S, C, N, 0) atoms being contained in the first matrix, the temperature parameters of these atoms together with the scale and secondary extinction parameters in the second, and the coordinates and temperature parameters of the hydrogen atoms in the third.
After seven refinement cycles, R had fallen to 0·0592 and the 'goodness offit', ['L:w 
to 1 ·62; all parameters had converged satisfactorily with the exception of those associated with the vinyl group [C(l4), C(15), C(l6) and their hydrogen atoms] and the hydrogen atoms of the water molecules, which continued to oscillate. In two final cycles these recalcitrant positional and temperature parameters (including those of the oxygen atom of the water molecule) were grouped in one matrix, while a second matrix contained the remaining coordinates and a third matrix the left over temperature coefficients, the scale factor, and the secondary extinction parameter. Convergence was now satisfactory.
Up until now, no particular attention had been paid to the configuration of the molecule; in fact, whereas the intensity data had been obtained from diffraction planes having h negative or zero, h had been assumed to be positive or zero. At this point corrections were made for the anomalous dispersion of the sulfur atoms and the potassium ions. The corrections for the form factors used were Af~=0·31, Af'~ =0·58, Af .Jc =0·37, and Af~ = l · 11, the primed values being real and thedoublyprimed values imaginary (Cromer, 1965) . The signs of the Miller indices h were reversed and structure factors were calculated both for the set of parameters refined so far and for the set that corresponded to a reflection across the yz plane (for which the signs of the x parameters and the temperature parameters b 12 and b 13 were reversed). The first variant yielded R = 0·064 and a goodness of fit of l ·68, and the second 0·074 and 2· 12.
(No adjustment for an increase in scale factor (k) of about 2·3 per cent was made in these calculations, which accounts for the worsening of R and the goodness of fit for both alternatives.) The results are a strong indication that the first alternative is correct, all the more since it was the second alternative that had been refined to this point (because a simultaneous change of the signs of the indices of lhkd as well as of the atomic parameters x, b 12 , and b 13 is equivalent to no change). The X-ray data thus indicate that the absolute configuration of the myronate ion is that represented by the parameters in Table 2 and the Figs. 1 and 5, which is in agreement with the configuration deduced on chemical grounds (see e.g. Kjaer, 1960 Kjaer, , 1961 . After adjustment of the scale factor, four final refinement cycles were undertaken, in which the anomalous dispersion corrections were included in the structure factors and the least-squares terms were rearranged in the earlier fashion. The final value of R was 0·0560 and of the goodness of fit parameter 1 ·47. The final shifts for most of the parameters were less than 0·25 e.s.d., except that the temperature factor of H(l 7) shifted by more than 0·8 e.s.d. A total of 290 parameters were used in the least-squares fitting of the 1906 reflections that were given non-zero weights. Tables 2  and 3 give all the atomic parameters. The extinction parameter has the value (2·0 ± 0·2) x I0-6 • The calculated and observed structure factors are shown in Table 4 . (4) 600 (3) 894(2) 2.2(0.8) H (2) C (2) 646 (5) 540 (3) 781(2) 2.2(0.9)
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Discussion
Bonding distances and angles are shown in Fig. 2 . These distances are based on the unit-cell dimensions measured with a new crystal (Table 1) . Similar distances calculated with the same parameters but with the cell measurements of a radiation-damaged crystal differ from those shown by less than 0·005 A, except for the distances S( 19)-0(21) and S( 19)-0(22) which change from l ·426 and l ·432 to l ·432 and l ·444 A, respectively. No angles are changed by more than 0·5 °.
On the grounds of the formal e.s.d. values, the possible effects of changes in cell dimensions (which are small, the bonds being largely inclined relative to the c axis), and the internal consistencies of chemically equivalent bond distances, we judge the interatomic distances shown in Fig.2 to be accurate to about 0·01 A and the angles to 1-2 °. Fig. 3 represents the surroundings of atom S(12) while Fig. 4 shows the sulfate group and the neighborhood of the atoms N(l 7) and C(l 3). The near planarity of the grouping S(12), C(13), C(l4), N(17), and 0 (18) is shown in Table 5 , which also contains data that indicate the close planarity of the vinyl group (excepting H(14), the significance of which is discussed later).
Information concerning the average plane of the puckered glucose six-ring and the distances of atoms from this plane is also given in Table 5 . To describe the precise conformation of the glucose six-ring we follow Brown & Levy (1963) in defining the conformation angle (called here rp) of a directed bond C(2) ~ C(3) in a sequence of bonded atoms C(l), C(2), C(3), and C(4) as the angle, measured counterclockwise, that the projection of the bond C(2) ~ C(l) onto a plane perpendicular to the bond C(2) ~ C(3) makes relative to the projection of the bond C(3) ~ C( 4), when one Fig. 2 . Distances and angles in the myronate ion. Fig.3 . Surroundings of the atom S(12). Atoms C(2), C(l), and 0(7) are part of the glucose ring and the bonds emerging from atoms C(2) and 0(7) go to atoms C(3) and C(5) of that ring.
t----8 looks in the direction of the bond C(2) -7 C(3). * In the glucose ring the conformation angles are C(l) -7 C(2), +60·5°; C(2)-7 C(3), -52·2°; C(3)-7 C(4), +48·4°; C(4)-7 C(5), -50·6°; C(5)-7 0(7), +60·6°; 0(7) -7 C(l), -66-4 °. Fig. 5 is a stereoscopic view of the contents of the asymmetric unit. The ellipsoids shown depict the thermal motions of all atoms other than hydrogen atoms. The abnormally large motions of the carbon atoms of the vinyl group, C(15) and C(16), are discussed later.
The packing of the myronate ions, water molecules, and potassium ions is shown in Fig. 6 , while Fig. 7 shows the details of the environment of the potassium ions and Table 6 contains information about the hydrogen bonding in the crystal. On the whole the hydrogen bonding is normal, but there are several points of interest regarding it. One of them is that the glucose oxygen atom 0(7) acts as acceptor to a hydrogen bond (line 3 of Table 6 ), which is most unusual for an oxygen atom in an ether-like linkage. Another is that the nitrogen atom N(l 7) acts as acceptor, forming a bond to a hydrogen atom H(l 8) of the water molecule. This may be the result of a residual negative charge on the nitrogen atom, caused by a partial delocalization of the C(13)=N(l 7) double bond towards the sulfur atom S(l2). The same hydrogen atom H(l8) is also rather close to the oxygen atom 0(20) of the sulfate group.
We finally wish to point towards a possible explanation of the abnormally large temperature ellipsoids of atoms C(15) and C (16) feature on our final difference map, a peak of0·5 e.A-3 , was near the vinyl group, but gave no clear indication as to the mechanism of the proposed polymerization. Plane C(l), C(2), C(3), C(4), C(5), 0(7) The column labelled 'x', y', z" gives the position of the atom Y' in terms of the parameters of the same atom in the asymmetric unit that also contains the atoms X and H listed in Tables 2 and 3 . In view of the low precision of the locations of the hydrogen atoms, the distances X-H and H · · · Y given in this Table are 
